Shared brainstem pathways for saccades and smooth-pursuit eye movements.
A long-standing belief holds that the saccadic and smooth-pursuit eye movement systems are composed of largely separate premotor circuits, at least in the brainstem. One crucial prediction predicated on this belief is that the tonic discharge of omnipause neurons (OPNs), which are thought to be part of only the saccadic system, should not be modulated during pursuit eye movements. This report shows that the discharge of OPNs, in contradiction, is modulated downward during pursuit movements. In contrast to their behavior during saccades, where they pause completely for the duration of the movement, the downward modulation during pursuit did not totally silence OPNs. The depth of the downward modulation was correlated with the speed of the ongoing pursuit movement. Another type of cell, which we have named saccade/pursuit neurons, was recorded in the paramedian pontine reticular formation near the location of OPNs. This subpopulation of burst cells discharged a cascade of spikes for saccades in a preferred direction. They also displayed a lower-frequency sustained discharge of spikes for the duration of pursuit in the same preferred direction. These data suggest a new type of combined model for the organization of the brainstem saccade/pursuit system. In this new combined model, the OPNs form a common inhibitory mechanism for both types of movements, and the saccade/pursuit neurons participate in the eye-velocity modulation of OPN discharge or membrane polarization during either type of movement.